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Specification 

1 . Title of the Invention 
NONAQUEOUS ELECTROLYTE BATTERY 

2. Patent Claims 

(1) A nonaqueous electrolyte battery comprising a negative electrode employing a light 
metal such as lithium, sodium and the like as an active material, a positive electrode, and a 
nonaqueous electrolyte in which an electrolyte is dissolved in an organic solvent, wherein said 
organic solvent contains ethoxymethoxyethane as the main component and said electrolyte uses 
any of LiCF3S03, LiPF6, LiBF4, and LiAsF6. 



3. Detailed Description of the Invention 

<Field of Industrial Application> 

The present invention relates to a nonaqueous electrolyte battery using a light metal such 
as lithium, sodium and the like as a negative electrode active material. 

<Prior Art Technology> 

Nonaqueous electrolyte batteries of this type, for example, lithium batteries have a small 
weight and a high energy density. For this reason they are widely used in various shapes such as 
a tubular spiral shape, tubular inside-out shape, coin shape, and pin shape. 

These batteries use nonaqueous electrolytes prepared by dissolving an alkali metal salt as 
an electrolyte in a nonaqueous organic solvent. 

The conventional batteries typically used nonaqueous electrolytic solutions prepared by 
using organic solvent such as propylene carbonate, diethoxyethane, or tetrahydrofuran either 
alone or in a mixture and dissolving an electrol5^e based on LiC104 in the solvent. 

<Problems Addressed by the Invention> 

However, in the batteries of this type, positive and negative electrodes could be short 
circuited during battery assembly, or a positive electrode collector and negative electrode or a 
positive electrode lead plate and negative electrode case could be short circuited inside the 
battery after it was assembled. As a result, heat was rapidly generated. Furthermore, the 
temperature of the assembled batteries could similarly increase under the effect of extemal short 
circuit or extemal heating, for example, when the battery was thrown into fire. 

When LiC104 was used as an electrolyte, as mentioned above, there was a high danger 
that the increase in temperature combined with the effect of LiCL04 in the electrolyte could lead 
to explosion. Moreover, for this reason, the battery had poor handleability. In particular, the 
degree of temperature increase inside the battery under the effect of a large current passing under 
short circuit conditions was especially significant m tubular spiral batteries. Therefore, the 
above-mentioned danger was especially high. 

For this reason, safety concems require a rapid transition to solutes other than LiC104. 
However, the improvement of safety most often led to the degraded battery performance. 
Accordingly, it is desired to develop an electrolyte system which improves safety without 
degrading the battery performance. 

<Means to Resolve the Problems> 

The nonaqueous electrolj^e battery in accordance with the present invention comprises a 
negative electrode employing a light metal such as Hthium, sodium and the like as an active 
material, a positive electrode, and a nonaqueous electrolyte in which an electrolyte is dissolved 
in an organic solvent, wherein the organic solvent contains ethoxymethoxyethane (EME) as the 
main component and the electrolyte uses any of LiCF3S03, LiPF6, LiBF4, and LiAsF6. 

When LiCF3S03 is used as the solute, the positive electrode lead plate and battery case 
are sometimes corroded apparently by firee fluorine contained in the solute itself or by an acid 



produced by hydrolysis of the solute and a very small amount of water present inside the battery, 
and the corrosion adversely affects the battery shelf life. 

In this case, the addition of a small amount of LiC104 to the above-described electrolytic 
solution is known to suppress effectively the above-mentioned corrosion. It is not clear what 
causes such anticorrosive effect, but supposedly the small amount of LiC104 acts as an inhibitor. 
Moreover, such an addition of LiC104 was also found to improve the discharge performance of 
battery. 

When LiC104 is introduced into electrolyte, as described above, if LiCF3S03 is used as 
the main electrolyte, then the preferred molar ratio of LiCL04 to LiCF3S03 [(molar 
concentration of LiCL04 in the electrolyte)/(moIar concentration of LiCF3S03 in the 
electrol3^e)] was found to be within a range of 0.05-0.2. If the ratio is below this range, then the 
anticorrosive effect is insufficient, and the corrosion cannot be prevented completely. On the 
other hand, if the moral ratio is above the range, it can lead to safety problems. 

A system containing ester-type organic solvents (solvents with a high dielectric constant) 
such as propylene carbonate, ethylene carbonate and the like also can be used as the above- 
mentioned organic solvent. 

Furthermore, the organic solvent can also contain at least one of dimethoxyethane, 
dioxolane, tetrahydrofuran or derivatives thereof In the case of dioxolane (1,3-dioxolane), the 
examples of such derivatives include 2-methyl dioxolane, 4-methyl dioxolane and the like. 

<Operation> 

As described above, it was established that if a solvent containing ethoxymethoxyethane 
as the main component is used for the electrolytic solution, then a battery with high safety and 
practically no degradation of performance can be obtained even when solutes other than LiC104 
are used. Furthermore, the flash point of ethoxymethoxyethane is 20°C which is much higher that 
that of dimethoxyethane or tetrahydrofuran that have been used as solvents for such electrolj^ic 
solutions in the past. This fact also contributes to the improvement of battery safety. 

Furthermore, from the standpoint of battery discharge performance, it is preferred that 
LiCF3S03 be used as the solute. 

<Embodiment> 

An embodiment of the present invention will be described below with reference to a 
lithium battery. 

A power generation element 5 was placed into an open-end cylindrical battery case 1 
made of stainless steel. The power generation element was prepared by laminating a strip-like 
positive electrode 2 prepared by molding a powder mixture (contained manganese dioxide as the 
main component and was prepared by adding a graphite powder as an electrically conductive 
additive and a binder thereto) and a negative electrode 3 consisting of a lithium sheet via a 
separator 4 made of a nonwoven fabric sheet and spirally winding the laminate. A lead terminal 
6 that was led out from the negative electrode at the bottom surface of power generation element 
was bent to the bottom surface side of the battery via an insulating sheet 7 and spot welded to the 
inner bottom surface. Then, a nonaqueous electrolytic solution 8 prepared in advance was poured 
in the prescribed amount into the battery case. A lead terminal 9 that was led from the upper 
portion of positive electrode was connected to a plate-like stainless steel terminal plate 12 



disposed in the opening of battery case at the inner side of an insulating gasket 10 made of a 
synthetic resin. As a result, a spiral-type lithium battery of CR6H type (outer diameter 14.5 mm, 
height 50.5 nmi) having a structure shown in Fig 1 was fabricated. The nonaqueous electrolytic 
solution was prepared by mixing propylene carbonate and ethoxymethoxyethane at a volume 
ratio of 1 :1, and then dissolving LiCF3S03 as an electrolyte at a ratio of 0.9 mol/L. 



Furthermore a number of similar electrolytic solutions were prepared in the same manner, 
except that LiC104 was added at a molar ratio to LiCF3S03 within a range of 0.005-0.2. Spiral 
lithium batteries of CR6H size were fabricated in the same manner as described above, except 
that these electrolytic solutions were used. 

A total of 50 batteries of each type were fabricated. The number of batteries with 
abnormal degradation of 0 CV was studied immediately after the fabrication (initial stage), after 
storage of fabricated batteries for 40 days at a temperature of 60^C, and after storage of 
fabricated batteries for 100 days at a temperature of 60°C. The results obtained are shown in 
Table 1. 



Table 1 





Molar ratio of LiC104 to LiCF3S03 


0 


0.005 


0.01 


0.05 


0.1 


0.2 


Initial 


0/50 


0/50 


0/50 


0/50 


0/50 


0/50 


After 40-day storage 


3/50 


1/50 


0/50 


0/50 


0/50 


0/50 


After 100-day storage 


6/50 


1/50 


0/50 


0/50 


0/50 


0/50 



The batteries that demonstrated abnormal degradation of 0 CV were disassembled and 
studied. Corrosion was observed on the lead plate on the positive electrode side and the separator 
in the vicinity thereof changed its color to dark brown. Self-discharge which is assumed to be 
caused by the corrosion was accelerated in the zone where color was changed, causing decrease 
in 0 CV. 

Batteries with various amounts (molar ratios) of LiC104 added to LiCF3S03 in 
electrolytic solution were fabricated (30 batteries of each type) and the number of batteries that 
fractured in fire was studied. The results obtained are shown in Table 2. It is clear that batteries 
with high safety could be obtained when the molar ratio was no more than 0.20. 



Table 2 



Molar ratio 


0.1 


0.15 


0.20 


0.25 


0.30 


Number of fractured batteries 


0/30 


0/30 


0/30 


1/30 


3/30 



Furthermore, batteries using electrolytic solutions with the following amounts (molar 
ratios) of LiC104 added to LiCF3S03 : 0 (no addition : battery (1)), 0.0001 (battery (2)), 0.0005 
(battery (3)), 0.01 (battery (4)), 0. 1 (battery (5)), and 0.2 (battery (6)) were fabricated and 
changes in RAc(f^) during storage at a temperature of 60°C were studied. The results obtained are 
shown in Fig 2. The addition of LiC104 in a very small to small amount was confirmed to 
improve significantly the Rac characteristic after storage. 



The above-described examples related to batteries in which LiCF3S03 was used as the 
main solute dissolved in the electrolytic solution. However, similar or better results were also 
obtained when LiPF6, LiBF4, or LiAsF6 was used. 

Moreover, in the above-described embodiment, manganese dioxide was used as a 
positive electrode active material and lithium was used as a negative electrode active material. 
However, the same results can be obtained when fluorinated carbon, metal oxides such as M0O3 
or CuO, and metal sulfides such as CuS or NiaSa are used as the positive electrode active 
materials, and another light metal such as sodium or potassium is used as the negative electrode 
active material. 

Furthermore, the above explanation was conducted with respect to a tubular spiral 
battery, but similar results obviously can be obtained with batteries of other configurations such 
as tubular inside-out batteries, coin batteries or pin batteries. 

As described above, the present invention can provide a battery of high safety 
demonstrating good performance. 

4. Brief Description of the Drawings 

Fig 1 is a cross section of the battery of the embodiment of the present invention. Fig 2 is 
a graph illustrating the storage characteristic of the battery of the embodiment. 

[Legends] 

1 - battery case; 2 - positive electrode; 3 - negative electrode; 6 - nonaqueous electrolytic 
solution; 12 - positive electrode terminal 

Patent Applicant: Fuji Electrochemical CO., Ltd. 
Patent Representative: Y. Ohada 
Patent Representative: T. Araki 

Figl 

Fig 2 

Abscissa; number of storage days (day) 



LIS ANSWER 5 OF 18 CAPLUS COPYRIGHT 2001 ACS 

1990:102160 Document No. 112:102160 Nonaqueous batteries. Shinoda, Kenichi; 
Yamamoto, Kohei; Harada, Yoshiro; Kitakata, Masakazu (Fuji Electrochemical 
Co., Ltd., Japan). Jpn. Kokai Tokkyo Koho JP 01281676 A2 19891113 Heisei, 
4 pp. (Japanese). CODEN: JKXXAF. APPLICATION: JP 1988-111934 19880509. 

AB Electrolytes of high-performance batteries having light metal anodes 
contain LiCF3S03, LiPF6, LiBF4, or LIAsF6 and solvents mainly contg. 
e thoxymethoxye thane . These electrolytes contain none or small amt . of 
LiC104 and contribute to safety of batteries. Thus, an 
electrolyte of 0.9M LiCF3S03 and 0.009M LiCl04 in 1:1 
ethoxymethoxyethane-propylene carbonate was used in Li-Mn02 batteries. 
These batteries showed high storage stability at 60. degree., and none of 
30 batteries exploded when thrown into fire. Batteries without 
LiC104 showed somewhat larger increase of a.c. impedance in 
storage, due to corrosion of metallic parts. 
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Purpose: To improve safety by using either of LiCF3S03, LiPF6, LiBF4, LiAsF6 as an 
electrolyte to be dissolved in a nonaqueous electrolyte of an organic solvent with its main 
ingredient being ethoxymethoxyediane. 

Constitution: In a nonaqueous electrolyte liquid in which electrolytes are dissolved in an 
organic solvent, the organic solvent has ethoxymethoxyethane as a main ingredient and at 
least any of LiCf3S03, LiPF6, LiBF4, and LiAsF6 is used as an ingredient. In this case, 
while the use of LiCF3S03 is prefemble from the viewpoint of the battery discharge 
performance, as it may corrode a^a^late on the anode side and the battery case, a 
small amount of LiC104 is added tCrtrfhibit the corrosion. The flame point of 
ethoxymethoxyethane is 20°C which is far higher than that of dimethoxyethane or 
tetrahydrofuran conventionally used in this kind of electrolyte solvent. This provides a 
battery of a higher safety. 
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